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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a GaN(gallium nitride) based field 
effect transistor capable of handling larger input amplitude making use of a 
gate insulation film. 

SOLUTION: A channel layer 3 and a gate insulation film 4 are laminated on 
a substrate 1 through a buffer layer 2 in order of precedence, and a gate 
electrode 7 is arranged on it. A source electrode 5 and a drain electrode 6 
are on both sides of the gate electrode 7 and electrically connected to the 
channel layer 3 through the openings 4a and 4b. The channel layer 3 is 
composed of n-type GaN, and the gate insulation film 4 is composed of AIN 
(aluminum nitride). The AIN has a high Schottky barrier because of being 
superior to insulation and can handle a large input amplitude. This can also 
form an inversion layer in an enhancement mode and the same operation as 
Si~MOS(silicon metal oxide semiconductor) can be made. 
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[!***l] tf>J<7J* (Ga) , TyU5 = ^A (A 
1) , *?Sf (B) toXXf-Oityl* (I n) 7>>bfc-5 

wro?*,w/>/jr< tt> it© i i imTtrntmrn w> 

i:£^tf I I iSe-*^ h^-Y Kft^lMaWlttiOft 

■c. 

-^ASr'M<fbttfI I lirt-Y H9-Y Wt^tt* 

as**: i i iK-^-f b^-f Yit<£<m*mmz£yffi)$. 

I I®r7--Y h7-f Kft^#i*ti9Ml 
ftZ i:Sr!|*ati-S»**2ffi*«5«j!i«)*a! h 5^ 

[ffi#«4] IWEy-HMSlt, Alx Gai-x N 

[If *S 5 ] lWfay— h lfe^)Kro^»f4, 1 n mSl± 
5 0 nmaT^«5IST-fe-5-i:$r#®i:-raif*^lfe 

[it>k^7] i&m?--Y*^mte*v})7j&fimk*v 
m<o^£< kt>—jj\zni,xmm&titLZk$:mw<.ki- 

» £ -t-5 at ** 7 k*<o* b? 

[If #^ 1 0 ] MfB*?-j£tTJi«:, I I I ^7E^<?r b 

^*e«tf3±Vpsi^*B»3Ssas*DS*Lrv^vM i lit 

-Y h7Y Kfli^^ttfcJ: 9 ttofcUtr 

t!i#Jii i] mrnm^HMzm*. i i i ixii l 
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2 

TT^-^AJSj^tfy *>rc»'>^< k h#>J 

9J*&$trkmzs am^m^ma&ttft i i iit 

-Y b9-f Kfl^W^igttKJ: 9 

* »#* 8 fE«co*^<a*S ^y-^^ 

[ff#«12] IWEfE^WfiJiS:. 1 I I t 
— 7 J±}s£Zfjf y ^Aco5 *><£>'>/£< ir>b^y 

fc5v>te P M^*M&#8s*D£;h,:fc I I lgstYh7YK 
ft-&«>*l»fr t <t 9 *je£ L fc c k ZW®. k -tZ m**% 9 
jo W8.<nnM%i%MV=7^*J*Z 0 

£$£i>#JRt- <fc 19 flSfiSo Ifcrt k -T -5 If *JS 1 IE 

[st#s i 4 ] Misy- hmffiw^iffiic:, Btrfay- h 
mk -r 5 if i iEfcom^5a*s h 9 > a* 

1 5 ] huIB^- VWm-t. iMEMlC i?y 

li*^16] ^fy^A (Ga) , T/l-^~<7J>. (A 
1) , ( B) *3j;tJ5-Y V^^A (In) *»e>*5 

P«9*,(D'>/i<tt)llC>[ I I^TC^ta^ (N) 
tSr^tfl I ItStY h7Y bMb-S-W^aM*:*?)**^ 

-y— h tmmk&-?x? t u-cy- h^^w 

[lf*« 17] IK. y- HMWBSr»j*Lfcro-t>. 

?-**jv>m<o±.\zy* v kwmk &mm vxmir 

40 #)\zi^>-W h^Sr^figL, ^<D±izy— *Wf&k Ku 

tizk*m®.k-rz>n*m \ 6mm.<Dm^m^mh9^ 
[0001] 

mmom-pz&ffiftm] frmwn, (g 

a) , 7s\si-9^ (A I ) . *<?m (B) *Jit>*-Y> 
v'^A (In) fabttZWtff)? h<D'Ptj;< t h 1 W> I 
I IgiTt^irMi!! (N) i: Sr'af? I I liW h^-Y K 

50 ^tt^Nifri^j: v?- j r*'i'm*Mf$.vxftz>mft%im 
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[0 0 0 2] 

S^/y^Wh^K (GaN) tt*<0*»J»«dS 
3. 4 e Vt*#<, W«l»e*fftt3H--?r^-lil. 
5eV^t:6i:W^X^Ti^o G 
a N<Dg&?D3gSht#J2. 5X1 0 7 c m/ s «9 , fife 
^•tttfciv/Jay (Si) ^J^^fti (Ga 
As) 3^^;— K (S i C) J^Jt^T:*:^ 

W Hi-, GaN«HTO5X10 j V/cm 
Si J ?GaAsJ;n-^±^<, SiC£9 

[0 0 0 3] iS^CSotfi, GaNSrfflV^S** 

v>^^ldBab-C«, GaAs|w8«Sh7^ 
* (Field Effect Transistor ; FET) icoi>TH^ 

[000 4] mi 6&£Xim 17«, G a NSr/Bl\fcfl| 

(Metal Semiconductor ) W&<D h<OX$> "9 , t77>f 
7S«1 OJiK:Jtt4©G a Ni9ft5/^y77i25:^ 
UnlWaNJ;«9 45a^l6 3«^ 

a**Jh^;hJ£j*$*L-0^ (M. A. Kahn, A. P 
L.,62 (15) , 1786 (1993) ) 0 017 

(High Electron Mobility Transistor ) Wi^<0^(DX 

s>9. -v-yr-i r^si^JiJw^sB^^^Jbnuftv^Ga 

NJ:»)i5l?jlffi7 3 b^n^c^A 1 G a N £ «9 ft 

7 3a sn* *<o±izr~ b 

wm 7 mm zftztm^^ m^nm7 3b(D±i^m 

ffi6ri**ft^ft^/££ft-Cl^ (M. A. Kahn, 
A. P L.,6 5 (9), 1 1 2 1 (1 9 94) ) c 

[0 0 0 5] giJO0IJ-Cfi. HEMT^^iCjot^T 

A I G a Ncfc«9ftS*^-tt*&S<Oj?SS:»<i-SCli:tw 

(M. A. Kahn, A. P L. , 6 8 (4) , 22 
(1 9 9 6) ) B \*t>*$>Z>=^l>"^>** > h^e— Y<D*> 
<7)XtbZ> 0 
[0 0 0 6] 

9ftME Si^HEMTffiig^MMS h7>v^^ 
2 e Vgfti:Jt|8ftj/jN$< , G a A 



(3) fiFBB^Pl 0-223901 

s^>3^^Hl(0. 7eV) ctOtt*#t^t> 

[0 0 0 7] ^tbtSfrU S i ^t'li, MOS (Metal- 
Oxide-Semiconductor ) M (i-ft^^MI S (Metal-In 
su I ator-Semi conductor ) M) ^MSlh7yy^ 

JO fc^ S i <D8tik%tfDis9 3 >^-^r^-r K (S i O2 ) a* 

W£bT<7)S i O2 Jgl£;fr ttS ii^llrMt, s 
i O2 mt S i Jgt^ffffitwiottSRGSSr^-v^t 

[0 0 0 8] ££oT. GaN^tffMIh7^ 

^fefty~hif&gU8l£fflv^;i fc*S"C#*Ltf, Silt 
mK£?\z±%tj:At)MmZkZ>Z.k&-?ZZ>3: 5i-ft 

[0 0 0 9] *3BMtt^^5P5a^C^«*T*§n^:t5 
[0 0 10] 

7c*t**i:S:*tf I I IiW h7^ Kffr&<»¥a** 

ASr/>ft < t t^t^e^ r i i m-rj b 9^ 

[0 0 1 1] *«Mw«*«l*Sh9V^^05fflit* 
^^^9 f o(DW<Hii^i r i^Tc^i: 

y- Mft«WKSr^U-C^— MftiMUftStOT 
Si^MI^Mt§«J«iMlS^ y- 

50 [001 2] :wtffMSh7V^^tll 
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T/i^:^i^'>ft< t b-a^lgfeico I I I^-f N 
^ 9 ft£^~ h*fe^^»A$nr 

ft 9, tt^HSieiftS. 

[0 0 13] ^(om^^zM hy^isxfnMfeJjfeX* 
[0 0 14] 

T0B5 «:#!!& LtB»tRflti 0 
[0015] (» i <nmfc<DWm) B l tt*3S9§tf># l 

-YT<fc!9ft5S4E (Mitfcffi) l^±^5/7ri2 

**/uJB3 £S«WU:SjR$jh,fc KM >1S6 fcj*S|E 
8JSft-ti^ 0 nfigyR4<Djb^tt, y— ;* 
WE 5H*W 6 £ ora^y- h 7 asiElS $ 

s«7hJu «x-tfs«icoffla^b^^^ (Ti) , t/u 

(Al) *5±tf£: (Au) SrJH»««LT«/a 
[0 0 16] ^^^TS2}^J^«i^®fetC0KttG a N 
oTV^ 0 f t 3 liP)^: tf n I^ift tits i 

^J^L^l X 1 0 18 cm- 3 T-fc^ 0 ft*3, ^-V^A-Jf3CD 

K ; depletion mode) ft 9 . ^*fi®ft*SriS;< "T 
tltf/yi^yi^^ (iy/N^^yh^-K ; enhancem 
ent mode) £ft3 d 

[0 0 1 7] #J;tt:f. ^^^yUJB3OJ?$dS0. 1 
(DWrS. ^F3ffi%»ft*S5 X 1 0 15 cm- 3 J^T^*5V>T^ 

Si XI 0 18 c m- 3 (rjoV^TIix^l/^/iy a >^r— 
ft^o Sfc, »S^5X10 14 cm" 3 aTm> 
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(5 

^Jl3W*-C^ft<, h*fe*tJBl4 tft^i3 £ 

[0 0 18] h*fe^K4(i0!l^tfryu^^r7^^-Y 
h7^K (A 1 N) ^ck!9«fiS;$iXT*3 9, ^rOOff^te 
«X.tf3 nmtftoTV^o ftjb\ H] 2 A 1 N £ G a 

Ni(orafcj;tj«e4 (pt) tGaNfc^ra^KS 

iRiRffiSr^'fo CCT% A 1 NtG a N t ^KfiKgSS 
K^jRJfc (AEc /AEe ) ttu GaAsi^^fflC 

(1. 1 eV) (L. Wang, A. P L.,68 
(9), 1267 (1996)) fcLOl^T t^biirT* 
LfCo r.ntC^D, A 1 Nt&mt<Di/B y h^H^ffi 
ti^^^q^ttTv^ftv^^ A 1 N <b P t t^v'H y 

— i»*ii#5 3. i e vnmxh%kmj££ftz> 0 z.<Dm 

fit* G a N^fJiG a NSHEMT*^^ h ^ 

20 b*~^m<n±%&<D]fazmxib*) , si02 ££:Jg£ 

a-^a^P^^O^SrV^^, :it1j:AIN^S i02 
[0 0 19] H3^y- b«ffi7^Tt-*3«t5fe#^ 

— hTO0J6W»«*s*#<fto-CV^a. El 4 k: 
JO ^-t^WI 3 SrKteG a Nt«lf:i^^ h®« 

^comfah. ^-r^JB3S:S14^fc5VMi^tt«JiR« 
rfSftfcTffil^G a Nid<fc 9 fljjtfc-rttfif. Si -MO Si: 

mm ^jfrfcr* r i art *s^^5 c 
[oo2o] ft*D N a i N^>ie«att^Bab-c»ia*icffl 

^5/i$tLTl^ (A. Bykhovski, J. Ap 
pi. Phys. , 77 (4) , 1616 (199 
5) ) o Z.<DjcmziS\,*Xn, g]5 {ZTjk IsfcX 9 1^ 
40 7r^TSfil l^l^AlNll 2, ltt(7)i-Ga 
N113, nSWn-GaMH, AlNfl 5ioj; 
^ni^n-GaNll6^1&SfU n-GaNjf 

1 4 (D±t n — G a 1 6(D±.\zmtfel 7, 1 8 
n^n^^bfcn-G a N/ A 1 N/n-G a N^-f^ 

- KSrffll^TSIRSrffo-Ct^o n-GaNfl 
^fil^m. AlNll5(Oj|Jli3nm, n-GaN 
^16(D^$^0. 4^m-trfe-5 0 

[0021] m^vc^(D^^^-r o :<Di9l:lE/^ 

2 VOt ^(DmMlt ( I/I o) 113 X l 0 s T'fo^o 
50 |IU loliO. 034nA, ^ (^>f K) 
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10" 8 At4!), h}6ilB4lifflt^^(iij:3n 
[002 2] r<7):£gfejC;Jol^Tte. AlNil5(Dj|J 

^<bf^l00fS (tfeb f o3xi0- 6 A) ^T-ifAD-r 

[0 0 2 3] ft*3, h 9 

£5 it 5 \ 3 h v V r M 2 <n—n \z 
MIX* ^DtffMIhT^^^Srtt^t^i 

8fctt0O;itf^!J 9* (He) ^ft>^A^t^ 

[0 0 2 4] rcoJ:5*«J*Sr*"r^m#amMh7^ 

[0 0 2 5] *1\ fllxitf, t7r^7i»)W cffico 
2£*l«r/B5fiU tK^ (H2 ) #*#ffl^*i;i:*3i>T, 

Sr5 2 o'CKTIf. MOCVD (Metal Organic Chemic 
at Vapor Deposition ) JfcK: i 9 J^^f^/^ &rtfe}& loo- 
Kf2 5nm^GaNOTil (H**i*) Sr^S^T 
£c ^tfW^, tftJ^tf, 1 0 0 Ot^Jilf , MO 

CVDS[a^^»Loo/^77 r @2, ^ 
-^/Hf3, Mft««4S:-l:*t-pn^R$"frS 0 ft 
^ Ga NTH £ Jiii^^^^S (n u c 1 e a t i 
on 1 a y e r ) t fcl vbit* G a N/&g-ef3:<k£ac7) 

mmxhZo 

[0 0 2 6] rr^JSW^l-tt, WIXLfi, i3WJ*<D 
i^tLThy^f^y^A (Ga (CH3 ) 3 ;T 

mg) , r/i/-; x ^ A^i: ut h y> W/^; 

(A 1 (CH3 ) 3 ; TMA) , ^M<DWMtVX 
Ti^e^T (NH3 ) *3±U«nS!^tt4*<OJS3|sfi: IT 

(S i H4 ) £^n^*xfflv^ 0 ^^cogfEft 
tt. TMG^40/irao \ / va \ n, TMA* 

10^mol/min, T^^t^T^O. 4 m o I /m 
i n^iOy7V^g]0. 01-0. 1 m o 1 /m i 

Yj^/vcv i n^zK^^f^ t 8 y > hs^/m i n <7) 
29R (N2 ) ^^SrStt-To J*«JBE*tt«x.tf 2 5 OTo 
r r ~Cfe>5 c 

[0 0 2 7] ^V>T, ^HtlfB8^»fiR««J2:«x.tfHe 
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<? 

H£**Tofc<£>*>* m^Rft^^^^^^ (Reac 
tivelon Etching; R I E) SlU^- Hft8de4«r 
l»:^±tTiP4a, 4 b £7f2j£-r5o §iP4 
a, 4 b£7f£/£L y — x. ^-h^Jlt/KW 

[0028] j^t. z<om^mm^^^^^^<om^ 
[0029] h7>"^^m 

W®a 5 ffi< 4otv^w, 7 icings 

fc, a i Ni±*fi»ttj5ssv^r\ y-hJ6#»4o^:$ 

«osg»*M< fts a i N<o&mmm&m 1 o 

SiOz 4 <fc 9 ^^C^^<^T% 
[0 0 3 0] ft:&. m^N^^^ h-t— KcO^^i- 

bmm7\z.jE<DnEE&Mz-z>k^ j v*ji'm 3ft 

BDi^^f^i3^y- h$fe^4 tcO^fficO^ 

[003 1] rroJ;?^*^ife<D^ffi!^s«#3a*S 
trot*, <fc*W!ft«iK:*je-C*»o*ft««**s*# < & 

s:tegcoff^i:^^9 S i -MOS t^lCJ; 9 

[0 0 3 2] M6»Bl4S:l6att<oilSV^A 1 

50 NK±^j£-r-5±9}C:L.fcC0-C% ->*-h*fe^4(Off 



9 

[0 0 3 3] Hie, y~ Mf6iS04 SrMOC VD&tc: J: 

;LT, ft^!3t)MOCVDffil:ctD**Stfcn 

[0034] (fg 2 <n%m<Dwm) m i 2 

ffett»l IS— UT 

[0 0 3 5] «?R*SJI 9 KSgt^SEttA 1 x 

0. 0 5/im^4oti^ o I I J^TU^^Mfifeit 

(i-*foibx = 0. 2) T*feS 0 ^fc, ft^8 3 
tt, K^5 0nm, W«^2X10 1B 

c m- 3_ efc5 0 

[0 0 3 6] 0 8^y— h«ffi7(DTl-*3JtSG*«r^ 
WK4t« : T-|»SJB9i:"C»tf^i:^«t9. 

[0037] *fc, :^MIh7y^^n ^ 

09x.fcfS«l <7>±l::0^fcfcLTWjil\&SG a N 

y7ri2, lfl$li9, ^-v^/t-Jf 3*3j;U<y- h 

*«**SK^*fttt*l<D3llfe^ffii:HI---e«>*. 
[0 0 3 8] II:, I <^l*a*I h 7 y ^ ^ 

mm 9 *5s«t btt^o^^^s 3 tm< iotv^^ 



(6) #1¥1 0-2 2 3 9 0 1 

70 

&\<^xi>mmx3bz> 0 

[oo3 9] z.<D£o\z&mM<Dj&m\zmz>nft&)sm. 

^ K W V- y-*»ffi«r«j*-f-3 ^. t So 3E 

ms&4$:ffiz_x\<^z><DX\ mi <omm<D^m^m^xm 
[0040] cm 3 <Dmm<DMm) m 9 tt#3s?u<z>» 3 

HJfi <E> I Z *5 tt 5 ^ * ^ ^ Ji 3 K f t *L T ^ "Y * 7U S 2 

20 3 ^ifxfc:: m*m2<omm<DMMtm-(D 

*J&£r*UTV>5o tot, ra— C9«ffi£^^li^l— <o 
[004 1] ft^i23ft 2f(D^^y7Mi 

(::tW«12 3a) <DiBfc:*-r jJTjfefr/B 
C:-eBl^ffl2 3b) fc*A/«Wj««:#bTV^ 

5o Il L «i2 3 a tt„ CT^tf. J?$^3 nmT-fe 
9, nM^*&&l£ ITS i »B^fcnSGa NldJ; 
9«^Sntv^o ^»MWRtf2XlO ,9 cm 
- 3 -efo^) 0 l^fii2 3blt #J;tf3, J?$tfSl0n 

iV^Gai-y I ny N\Z £ 9M$ntV^c - <£> I I 

i ai7c*co»jSJtB, CT^tf^fy ^a^o. 8x^^^j 

^A^o. 2 (i"/jrt3*>y = 0. 2) XfrZ> 0 

[0042] hi o\^sf— hm«7^T^*3wseaf* 

5i»MSh7yy^^m 3att 
WtT§2 3 b hWog^i:fto«^ — 

^^^^xm^mm 2 3 ai^ftti^ff 

®2 3b<Kllle«^- *fc*5J:5H4 

ffl^TV^PHEMT (pseudomorphic 
HEMT) icSffilbfc^^T'fc^o 
[0 0 4 3] C^l#iSSb7y^^il mi 

mz-&&&l <D±\zm^\tVX\^^G a NT* 
SSr^SS-frfc^*>, MxffMOCVDi£l;:±*}^s/7 
7i2, «-^HiSS9 s 1^12 3 3, «^*ffJB 
2 3 b, m-T-^S 2 3 a *5j:t>*y- h|ft»ffi4 SrlRjk 
^S$^r>5o tf*ffl2 3 bSrfifcft^^aBKB:, 
50 yy^^MtLTPRffhy^f/Kyy^A (I 
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n (CH3 ) 3 ; TMI n) £ffl^5o &tfX<D$t& 
te. Miff, TMG^5 //mo 1 /m i n, TM I n £ 
4 O /imo 1 /m i nT*fo^) 0 *t!)7*7tt$ 
m#*<D&$: lSDy h^/m i n^i" 0 AftftftttM 
M8 0 0tm ffrfjfefrJB 2 3 b 

[0 0 4 4] I (^ISMI h 7 y v?^ ^ ±51- 

123b titei^^^/ctoti^o 

KW>«l#WktS, ^©fcSm^HlttftJi 

2 3 a ^l^ffS2 3 b^»^ntV^(7)T\ 

tt^tt«jc±s*as:5«ti"«c:ifeff-rs 0 ±ox, m^- 

[0 0 4 5] rcoi5^HJfe^^^-5«#^S^ 

h^^^^^jcinfi, 1^12 3 a tm^nm 
t&x%z> 0 ii^t^te^TO-MNi: 

[0 04 6] mA(omm<DMm) m 1 1 i***^* 
(ommmmtmm^, &^i<D±\z^^^ T m2^ 

tt y — h mmm 4^tty-h 7 asias* $ n r t > 

»«3gJ3J:t5y— ^«ft5, KW^tB6, y— h« 

[0 0 4 7] tf»li3 9l±, l3Wlft^i^p) 
ttAlx Gai-x Nia^ffi^jnt^Sc {IU I I 

1 mycm&mj&tkfc. w^ttr/us :=■■?-**#<>. 3t^ 
y->^//>o. 7 x = o. 3) x-fo^o 

[004 8] ^^M-Ji 3 3 fi. n&i&mm 3 9 co_h^ 



(7) «Fffl¥l 0-2 2 3 9 0 1 
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3 3 ate, fell J5S3&S5nm-efc«9, nlT^ftt 
UTS i»iD$n/tniAIx Gai-x NtC± t)fl|fiS; 

^tt^o i i i mTtm&mfcttte. m^r^x^ 

VJ»&Q. 15T^J!?^0. 8 5 (Tft^"^x = 
0. 15) -cfc* 0 S7t, ^F*Ete»*«09^tf 1 x 1 0 
19 cm- 3 tfe^ 0 tfSfiS3 3b^ W^tf, 
lOnrat^!), n!ffiWJ:(;piWWi»P$ 

[0 0 4 9] ft^i3 3(D±i:ft y— hJ|feSdffi4 

icy^lgst K Wytft6 ftMSn 
"Cl^So ^^^hi4 1il fell 3 
mt*fc»), ni^^ltS i»D$^cniGa 
1-y I ny NMJ; «9^$txTV^ D I r IJ£ot*<D*£ 

152 (i-fc;b*>y = 0. 15) -CfcSo ^**«>»££B: 
fefiS X 1 0 19 c m- 3 T*fe^o 

[0 0 5 0] y- h«4(D±iat IftftttSr^-rS 
«i4 2<h, :w«4 2^^- h*6^W4S^<7)ffllJB 

h9>f K (Si3 N4 ) KJ:9*j*$ft-CV*5. i"ft*3 

St: <v>fei*>ay— sr/hs<i-a^t^"C*aj: 
9i:4otv^ c y— h«ffi7fiy— negus 4 

t<Dmmmm^mm4 2\zx^m^^ntz.^^?>T^ 
30 -bffim&mvxisY), tf-bmM7<nmK 

So 

[0 0 5 1] ny^^hf41, y^l»5t5<tl?K 

[0 0 5 2] Cco±5ft«j*Sr*-f-S«#a*S!h7^ 
#W<fc 9i:ttSlt5l fc3fts-e*a 0 Ell 
¥0 2 -Ell 5tt^(Z)#S^Xg*^-fcot?fcS 0 

[0 0 5 3] H12 (a) tr^LfcJ; 5t-, II 

Sia9/<y7ri2, 1^1139, m*m$&m3 

3 a, *T-*ff@3 3 b*5±I/y- bmmS:4*ffif&'t 
Zffi&mbi,X<DA 1 NJ:945A 1N15 1 

(tt^^iMm s^iMig) o ft*5, 
mo c v Dfeo^teft 1 (nmi&<oitm t m—x&>z> Q 

[0054] tk\,*X\ mi 2 (b) \Z7jki,tzLi:olz^ r 
50 1 N^5 l^_h(c felfCVD (Chemical Vapor 
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Deposition ) j£*r J: 9 i/]) ^ v^^-f K (S i 
O2 ) ±9£5S£rO. 6//mig[iLfc^ 

tO. 8/im*SO^^— b 5 2 «r»fiJti-« (^S — 

[0 0 5 5]i^T, I^D<^1 1 2 (b) l^bfCcfc 5 
id. h5 2*3J:WA 1 NJ15 

SSi3 N4|53S:0. 3/x m^g-f-^o ^(OCDh. 
mi 3 (a) KlSsbfcJlSfc* Si3 N4 g5 3&Mx_ 
h77^tD^^> (CF4 ) ^a^X^fflV^ 

4 2t»«t6 (fll»«l8) o 

[0 0 5 6] ffllSSr^UfcCO*,, |^ID<B|1 3 (a) 
^Lfc<t7^. h 5 2fc±ueOH«4 2 ^ 

2 t bT, A1N15 1 SrflflfcttTVl'* U 

U y-M6«K4Sr«j58;i-5 (^hteii^i 

^&«l*^&<z>ftflrefc 9 (J.R.Mi leham, Appl.Phys.L 
ett., 67 (1996) 1119.). irm 09^(^6 0^*0 
LfcT yu* y ^ 3 0 #BB«f r te X 9 fir 5 <, 

[0 0 5 7] h»^4*»/*L*:0>*>* Ell 3 

(b) ic^Uf^J:5(c:, ^®(e:^J^}^MOC VDj£i^ ± 

5 2*5J:tfffl!l®4 2(DJiiCiBV>Xf±^t: t> ^= 3 ri>^/U^ 

l*y-h«««4fcSI»S*T«^*fifS3 3 b<D_t 

[005 8] 3^^hS4 1«tfcW^ 014 
(a) ic^bfcJ: ^l^ffi^lStl^JCb 

£*#*#H*+&m*-aift7 o o^^ei^w^iOrS 

h«Jn£{£T$-£3 (y^KWV'lWl® o 
[0059] y - ^iffi 5 *5 i K w yiffi 6 5:^ 

^^h!4 1, fflij^4 2*5±U«^^— h 5 2^_h) 
F4 Sr^tp^SrfflV^R I EffifdJ; 9 ^05— 

[0 0 6 01 J68UK4 3Sr^j*bfc^>^. Hi 4 (b) 
K:*bfcJ:3fc:, dfeffi (I68KB4 3*5±^^— h 

h 5 2/;Sffit^c):5^^-y- h5 2 J; 9 



(8) #ii?1 0-2 2 3 9 0 1 

#S<OBBP 54 aSriSKWl-^fiJc-rSo 7^k 
*3f (HF) Sr^tf^^^^^S^SrfflVNTt^^s/ 
y*is#\z. J: 0 h 5 2 SrSfeS-TSo 

[0 0 6 1] ^ — h 5 2 Sr&Scbfc (Hi 5 

^bfcct^jr. ±m (y-h«a«4, »ii4 3fc 

<tD^Sr)lK^ffiSb^JS»5 5Sr?FMi-^o 
i^y^ hK5 4 ?r^±^M5 5 

10 W^ig) £*f;i, &Kt (02 ) £CF4 k&^&Jf 
[0 0 6 2] 9^bT^^tlfc®^^ 

^jKStifcaV^^ HJB4 1 ktmm4 2 £R§TT^ 
<4otV^ 0 

[0 0 6 3] ^coj:9^**M^ffi^#^m#^^ 
«R*nfc3^*^ hi! 4 1 £«T«S4 2^PgTTS1^ 

SbSShv^^^tt. *10**«>«tti:lRlllHwA 1 

mt mm\zLW=mmm 3 9 s:«^, 3 comm^m 
mtmm^^^^ms3^m^-w^ms 3 a 

ftJl3 3 b^icJ;9«j5gi-5J: 5J-bfc<^-e. »l*v^ 

b® 3 <omm<nBm\zis\, ^mm LtMttiti > 

[oo6 4] &tz, *mm<DMm^&%m^mmmhy> 
^ (om&Jjfe^ h 5 2 jo^G* 

114 2Sr*JfflbTy— Mfi»IK4S:»fiEi-5«t 5 1- b 

[0 0 6 5] KJl±, *jftO»ti*:*^-C*3BWS:IftMb 

mmz&\*Xtt % h*6^K4SrA 1 Ni-J:9ffiASc;i- 
^ J: 5(-bfc^. I I I S^tc^^ lTT/i/^7A^> 

4< tt^tp i i i h^-r K^»***-e«>n 

tfiSv^ffiSffi^bTl^^^ra^^SSr^SCi:^ 
T^^)o 1*1-, AlxGai-x NWftfSt'SSn^o 
50 0. 3<X^ ltfci I I IKW Kft^ft*» 



-8- 
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[0 0 6 6] *fc, ±K#5«aw»»£:te^Ttt* y- 
h £4£ 7 K £r ^ a -fe * (7) ffi m £ ^ o V ^ X « ffi 5 *3 

y h*-P«M£r:*:#< Ufc^4&^*rfift*BB»^*#* 
S^v^v^A (Pd) (KM) fcifj&Sji 

»^S««3fcif 3 o o^srtt^statt-ewc^ y 

(Mo) ^flsf^ls (W) fcJfjMSbTl^So 

[0 0 6 7] JEi-, ±IE***^»»£:l3^Ttt* y— 

- coy— hmmm a ^sstt» 5 * 

>*gm ^#<«r £^T*#3<D~C\ 50nmHT 
ri*#£b<. lOnraOT^fff U\ £S 1 

«>*16^»*»r*5V^TRWUfcJ: y— h*68dR4 
60#>-tt *Mi%-t Zf'M-. lnm£il±^U\ 
[0 0 6 8] JP;iT* J:IB®3O||JEc0^1»J-*3V^ 

ttnm 23b (-rftfc*,^^ y r^t?*) ^M^oiciH 

±um4<DmM<DMm\z%>\,^x\^ m^msm 3 3 
a (t4^*>^f y/wsi) ^m^*ff®3 3b (-r 

^bTt><fcV\, 
[0 0 6 9] jE^fc, ±iE^3<D*Jfe^ffilrioV^-C 

S^fcMaSr^ObfcG a I nNJci «9«^i-^>i: 9iCL 

w p m*wm b*i ^ g a «t 9 «^ s ± 5 k 

LTt>±V\ AOxT^^. tfMJ|2 3a{:nl7tt 

^FJBKlSraSiP bfc A 1 G a NC «fc 9 *£Sc-r3 J: 5 t-LT 

[0 0 7 0] _bia^4^HJ£<0?gffi^*5V^ 
tt, IT-^ ffl 3 3 b n S^F»*5 j: p I^^ffe ^« 
ISJjDUiV^G a Nt J: 9««t5 <t 5 ICUfc?5\ nS^F 
tt»*j8S*DbfcGaN^J:9«figi-SJ: pl-LTtcfc 

^MttUi^Ga I nN^J; 9«J*i"^J: 9 Id b 
Tt>iV\ *fc. if«l3 3a^niffitt» 
UcA 1 Ga NJCj;9«jS;i-5J:5^bfc*s, nSRFiffi 
%>Sr8SJjPbfcG a NJc«t !9iff^-rs«fc 5J-bTt>±v^ 

[0 0 7 1 ] ±IE* 2fcV*b»4 COUfficO® 

Ji(C *31^TI*, 3 9 £;K£fe<OA I G a N 



(9) 0-223901 

[0 0 7 2] *P;LT£fc, &5&m\±. ±IE^ 3 *5 J: tf» 

4 03IJfe<D^iC^3^T, l : f«Sl2 3a, 3 3 a 
m^MT/f 2 3b, 33bt (DP H 1lCltt(OG aN±9ft 

^if (JPWiWxLfil nm) ?rSAl, mT-^ 
70 »S S:JEJCiS*S±9^b-Ct><tV> 0 

[0 0 7 3] SlC^fc, Jifa»4^*lfe0^ffitC*5V^T 
tt, ^5— y— h5 2£S i 02 fcJ;9«j*-rS£# 

5 2SrBfe5fe-r^± 9«r bfcrtv y— F52$r^y 
y^^^^y y^v/^^coWI^Jg (0!l;fctf7 00*0 

U rtvSr^r^r £4<-t*>**y— h«B7 0>— 
35£ brfflv^J: 5l-b-c<>J;i\, 
[0 0 7 4] iP^T^/c. ±IE#H16^^ffi^*5V^-C 

[0 0 7 5] 5K^*fc, -biE#H«^lilc*V>Ttt, 
®-7-PtSJl9, 39, ^^^yUJ!3, 2 3, 3 3, 

^-^jit^^riy— (Molecular Beam Epitaxy ; MB E) 
m^m&Wft^m^V^is- (Metal Organic Mole 
50 cular Beam Epitaxy ; MOMB E) ^^^(Di^KDC V D 

MbTfcckv^ 

[0 0 7 6] 

[^P^(7D^m] KJiKWbfc«J:5fc*«Mw«*S!i*a! 

i^ffifeto i i i mitm-r^ v^^ k^«¥#*± 9 * 

+ft\^— bmj£*1)U?LZ>Z.ttfX2Z<DX\ 
JFM^V>9S i -MO S i B C J: 5 4B^S: * *5 r i: 

[0 0 7 7] ^m<Dmft%}$kmh7>iS**<D 

50 Mit^&Jcintf, y-MWt«^»fiWB^±lJ:^^- 



(10) 



*ftK|spl 0-2 2 3 9 0 1 
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mit-r sjt iz ?- v wM<DMffitz&m 
[si] *mw(owi i <r>mmmm\^^>m^m^M h 

[El 2] AINiGa Nir^P^Jo iO'P ttGa N ir <D 
[El 3] Ell lC^:Lfcm#^S h7^-^^^COy- h 

[El 4] ^-v^JHS:m4«>GaNi:j:5«j«Ufc»& 

[E15] Al NtD^ttSriS^SH^tiffl^b^fcn- 
Ga N/A IN/n-Ga sT— K<£>#?/££3H-|gr 

BElT-fcS,, 

[El 6] E)5[r^bfc^-Y^- K^*3lt-5mff tm^t 

[El 7 J ^BJco^2C*lSco^liic#sa#^)*M(- 

[El 8 J EI7l;i^Lfcm##«§y h^Vv^^coy- h 
mi£Tlc*3ltse^^^ KUfcfeEl-C-fc-So 
[El 9 ] *&W<nm 3 o*16«7)ff^^5«#^)m^ f- 

[Eiioj Ei9t-^ufc«i!L^i*M h7y^^wy- 
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[Ell 1] *^W<o^4WjUSw^HiJriS'5m#S!i*^ 
[Ell 2] Ell 1 1 ^ Lfcl^ill h 7 V -^^ ^ 
[Ell 3 J Ell 2 t«<*«a^**t«IHtfc 

[Ei 1 4 1 Ei i 3 &m&TM*m-tmmmx'h 

10 [El l 5 1 El 1 4 ^a<*»jtxeSr*i-»rBH-e*) 

[Ell 6] t£*<&^^S!h9v5?**<Blfcfcfc*i- 
BfffiEI-C'foS. 

[eh 7] &&(Dm<DMR®mmh7^i?7.?<Dffifii$: 

^"TifffiElT-feSo 
[^CDlfeBJ] 

1, 2 -/<y7rS. 3, 2 3, 3 3-f 
■V*/Hg x 4-y— h^fflS. 4a, 4b -MP, 5 — 

. y— 7-y— 8 — 

20 £Mt&S. 9, 3 9-«?Mt£J| (dr^yTPt@®) , 1 

2, 15-A1NS, 13-i- GaNi, 14, 16 
— n-GaN/I. 2 3 a, 3 3 a, 7 3a-lf«Si 

(*t!!7M§) > 2 3 b, 3 3 b, 7 3b-S?t 
ffJI (+t!)7^i) , 4 1-ay^^M, 42- 
ffi£* 4 3-im 5 1 —A 1 Nl S*6*iUSI<73 
«Jt?SUi) , 5 2-y?-y-h, 5 3-Si3 N4 m. 
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(13) ^HB^l 0-2 2 3 9 0 1 

imi 4] [Ull 5] 




-13- 



